The observation of gravitational waves by the three LIGO-Virgo interferometers allows for the first time the examination of the polarization of gravitational waves. Here we analyze the binary neutron star event GW170817, whose source location and distance are determined precisely by concurrent electromagnetic observations. Applying a correlation averaging algorithm to the LIGOVirgo strain data, we find ratios of the signals detected by the three interferometers. We conclude that signal ratios are inconsistent with general relativity, but consistent with the recently proposed vector theory of gravity [Phys. Scr. 92, 125001 (2017)]. Moreover, we find that vector gravity yields a distance to the source in agreement with the astronomical observations. If our analysis is correct, Einstein's general theory of relativity is ruled out in favor of vector gravity and future gravitational wave detections by three or more observatories should confirm this conclusion.
The observation of gravitational waves by the three LIGO-Virgo interferometers allows for the first time the examination of the polarization of gravitational waves. Here we analyze the binary neutron star event GW170817, whose source location and distance are determined precisely by concurrent electromagnetic observations. Applying a correlation averaging algorithm to the LIGOVirgo strain data, we find ratios of the signals detected by the three interferometers. We conclude that signal ratios are inconsistent with general relativity, but consistent with the recently proposed vector theory of gravity [Phys. Scr. 92, 125001 (2017) ]. Moreover, we find that vector gravity yields a distance to the source in agreement with the astronomical observations. If our analysis is correct, Einstein's general theory of relativity is ruled out in favor of vector gravity and future gravitational wave detections by three or more observatories should confirm this conclusion.
I. INTRODUCTION
Recently, joint detection of gravitational waves by two LIGO interferometers in the US and the Virgo interferometer in Italy became a reality [1, 2] . This achievement provides the opportunity to measure the polarization of gravitational waves and, e.g., to determine whether gravity is a pure tensor field, as predicted by general relativity [3] , or a pure vector field described by the vector theory of gravity [4] .
Einstein's general relativity is an elegant theory which postulates that space-time geometry itself (as embodied in the metric tensor) is a gravitational field. However, the beauty of the theory does not guarantee that the theory describes nature. Although it is remarkable that general relativity, born more than 100 years ago, has managed to pass many unambiguous observational and experimental tests, it has undesirable features. For example, general relativity is not compatible with quantum mechanics and it can not explain the value of the cosmological term (dark energy), to name a few.
Recently, a new alternative vector theory of gravity was proposed [4] . The theory assumes that gravity is a vector field in fixed four-dimensional Euclidean space which breaks the original Euclidean symmetry of the Universe. The direction of the vector gravitational field gives the time coordinate, while perpendicular directions are spatial coordinates. Similarly to general relativity, vector gravity postulates that the gravitational field is coupled to matter through a metric tensor which is, however, not an independent variable but rather a functional of the vector gravitational field.
Despite fundamental differences, to the best of our knowledge, vector gravity also passes all available gravitational tests. In addition, vector gravity provides an explanation of the dark energy as the energy of longitudinal gravitational field induced by the expansion of the Universe and yields, with no free parameters, the value of Ω Λ = 2/3 which agrees with the results of Planck collaboration [5] and recent results of the Dark Energy Survey. Thus, vector gravity solves the dark energy problem.
In order to determine whether the gravitational field has a vector or a tensor origin additional tests are required.
Here we conduct such a test based on gravitational-wave strain data released by the LIGOVirgo collaboration for the GW170817 event [6] . We find that predictions of vector gravity are compatible with these data. In contrast, if our analysis is correct, the general theory of relativity is ruled out.
Both in general relativity and vector gravity the polarization of gravitational waves emitted by orbiting binary objects is transverse, that is, a gravitational wave (GW) yields motion of test particles in the plane perpendicular to the direction of wave propagation. However, the response of the laser interferometer for the GW is different in the two theories. This difference can be used to test the theories.
For a weak transverse gravitational wave propagating along the x−axis in vector gravity the equivalent metric evolves as [4] 
where η ik is Minkowski metric. The three-dimensional gravitational field vector of this wave is
We will consider a general case of a GW propagating along the unit vectork; the vector h is perpendicular tok. Depending on the inclination angle of the orbital plane of the binary stars, the GW in vector gravity can be linearly or elliptically polarized in the same way as electromagnetic waves generated by an oscillating quadrupole.
To be specific, we consider the generation of GWs by two compact stars with masses M 1 and M 2 moving along circular orbits with angular velocity Ω(t). We assume that the spacing between the stars is much larger than their dimensions and the motion is non-relativistic. For example, the spacing between two neutron stars of equal Two stars are orbiting each other and emit gravitational waves which are detected on Earth. Orientation of the orbital plane is described by a unit vectorn perpendicular to the plane. The angle betweenn and the direction of the wave propagationk is the orbit inclination angle θ. The wave polarization vectorê1 is perpendicular tok and chosen to be parallel to the orbital plane, whileê2 =k ×ê1. The polarization angle ψ is the angle betweenê1 and the line formed by intersection of the wave front and the earth equatorial plane. masses 1 M ⊙ moving with orbital frequency 50 Hz (i.e. the GW frequency is 100 Hz) is r = 140 km, which is much larger than the stellar radii ∼ 10 km. The orbital velocity of the stars is 0.07c. For such parameters the orbital frequency and the radius change due to emission of GWs only a little during an orbital period. This example is relevant for the GW170817 event signal at the early inspiral stage which we analyze in this paper.
In contrast to circular-orbit binaries, the velocity on an eccentric orbit changes over its period and the instantaneous orbital frequency also varies substantially. Orbital eccentricity leads to multiple orbital frequency harmonics in the gravitational waveform. However, since GW emission tends to circularize the orbit as it shrinks the binary separation [7] , many of the GW sources are expected to have small orbital eccentricity by the time they enter the frequency bands of ground based GW detectors. For example, although the eccentricity of the Hulse-Taylor pulsar is currently 0.6171 [8] it will have an eccentricity of ∼ 10 −4 when it enters the LIGO band [9] . Orbital eccentricity was assumed to be zero in the analysis of the detected GW sources and we do so in the present paper.
We denote unit polarization basis vectors asê 1 and e 2 . They are perpendicular tok and we choose them as shown in Fig. 1 . For non-relativistic motion, using formulas of Ref. [4] , we obtain that far from the binary
is the reduced stellar mass, r = r(t) is the distance between the stars, φ = φ(t) is the star azimuthal angle in the orbital plane, R is the distance to the system and θ is the orbit inclination angle, that is, the angle between the normal to the orbital planê n and the direction of the wave propagationk (see Fig.  1 ).
The strain signal of the LIGO-like interferometer with perpendicular arms of length L a along the direction of unit vectorsâ andb is proportional to the relative phase shift ∆ϕ of the laser beam traveling a roundtrip distance 2L a along the two arms [4] 
where ω is frequency of the optical field in the interferometer. Eq. (4) yields the following expression for the interferometer response for the vector GW (3)
where V 1 and V 2 are the detector response functions for the two basis vector polarizationsê 1 andê 2
and
is a gradually increasing function of time due to the increase of the orbital velocity of the stars caused by emission of GWs. If the same binary system emits tensor GWs according to general relativity, the metric oscillates in theê 1 −ê 2 plane as
and the interferometer response is given by
where T 1,2 are interferometer response functions for two basis tensor polarizations
and A is given by the same Eq. (7).
Equations (5) and (8) show that vector GWs emitted parallel to the orbital plane (θ = 90 0 ) will produce the same maximum detector response as the general relativistic GW emitted in the direction perpendicular to the plane (θ = 0 0 , 180 0 ). Taking the Fourier transform of Eqs. (5) and (8), we obtain the interferometer signal in the frequency representation
for vector gravity, and
for general relativity. Equations (11) and (12) are predictions of vector gravity and general relativity which are valid with high accuracy if the orbital frequency and radius slowly change during an orbital period. This paper tests these predictions. A verified discrepancy between observation and prediction rules out the theory.
Equations (11) and (12) show that all dependence on frequency f is subsumed in the function B(f ), while the remaining factor contains information about the GW polarization and detector orientation. As a result, the ratio s(f 2 )/s(f 1 ) is the same for all detectors. This property of the signal holds for both general relativity and vector gravity. As we show below, such a property can be used to separate the signal from the detector's noise.
In the frequency representation the ratio of signals s(f ) measured by two interferometers, e.g. LIGO-Hanford and LIGO-Livingston, is a complex number. We denote this ratio as H/L. According to Eqs. (11) and (12), H/L is independent of f , but depends on the wave polarization (tensor or vector), the direction of the wave propagation k, the orientation of the interferometer arms, the orbit inclination angle θ and the polarization angle ψ defined in Fig. 1 .
For the LIGO-Virgo network, the orientation of the interferometer arms and interferometer positions are accurately known [10] . If an optical counterpart of the GW source is found then the propagation direction of GW is also accurately known. In this case the orbit inclination angle θ and polarization angle ψ are the only free parameters in the signal ratios.
The three interferometers of the LIGO-Virgo network yield two independent complex ratios H/L and V /L. In an ideal case of strong signals these two complex numbers can be accurately measured and compared with the values predicted by general relativity and vector gravity. The two measured complex numbers H/L and V /L must be matched using two real variables θ and ψ. Such a system of four equations with two unknowns is overdetermined and in the general case can have a solution only for tensor or vector GWs, but not for both. Thus, GW signals detected by a network of three interferometers can, in principle, rule out general relativity or vector gravity.
In the literature it is often mentioned that the arms of the two LIGO interferometers (Livingston and Hanford) are almost co-aligned, and hence, the ratio H/L cannot give any information on the GW polarization. In fact, the angles between the corresponding arms of the two LIGO interferometers are actually not that small (13 • and 24
• respectively) and hence the H/L ratio can impose significant constraints on the GW polarization detected by the LIGO-Virgo network [11] . The LIGO-Virgo detection of the GW170814 event [1] , attributed to binary black holes, presented the first possibility of testing the polarization properties of GWs. However, for that event, there were no concurrent electromagnetic observations, so the source location precision, although much better than the previous two-observatory detections, was not sufficient to decide between tensor and vector polarizations [11] . The full parameter estimate of Ref. [1] constrained the position of the GW source to a 90% credible area of 60 deg 2 . It has been shown that vector GW is compatible with the GW170814 event in a considerable part of the 90% credible area [11] .
On 17 August 2017, the Advanced LIGO and Virgo detectors observed the gravitational wave event GW170817 -a strong signal from the merger of a binary neutron-star system [2] . For the GW170817 event the propagation direction of the GW is accurately known from the precise coordinates of the optical counterpart discovered in close proximity to the galaxy NGC 4993. Namely, at the moment of detection the source was located at the latitude 23.37
• S and longitude 40.8
• E. It turns out that for this source location we can distinguish between the predictions of general relativity and vector gravity even if the ratios H/L and V /L are obtained with relatively poor accuracy. In the next section we extract those ratios from the GW strain data released by the LIGO-Virgo collaboration [6] . In Section III we test vector gravity and general relativity based on the obtained ratios.
II. GW170817 EVENT: DATA PROCESSING AND SIGNAL EXTRACTION
The GW170817 event was observed by the LIGOHanford, LIGO-Livingston and Virgo interferometers [2] . Here we use published strain time series for the three detectors [6] . These data are not normalized to the detector's noise and, thus, can be directly used to estimate the GW signal ratios H/L and V /L.
We bandpassed the time series data between 40 Hz and 250 Hz to eliminate low and high frequency noise, which improves signal processing. A short instrumental noise transient appeared in the LIGO-Livingston detector 1.1 s before the coalescence time of GW170817. We restrict our analysis to the prior time in order to avoid this glitch.
Using the source location information we calculated the arrival time delays of the GWs at the interferometer locations. We find that the GW arrived at the Virgo detector 0.02187 s earlier than at the LIGO-Livingston location, and 0.00333 s later at the LIGO-Hanford detector. We adjusted the measured strain time series for these time delays.
In order to obtain the signal in the time-frequency representation we calculate the short-time Fourier transform of the measured time series h(t). To do so we divide time into intervals of length ∆t = 0.3 s. This is an optimal value of ∆t; it covers a large enough number of GW oscillations and yet it is short enough not to wash out the signal. We calculate the Fourier transform for each time interval [t, t + ∆t]
and plot F (f, t) at fixed frequency f as a function of time by changing t in steps much shorter than ∆t.
Only at a few frequencies is the GW signal clearly visible in the LIGO-Livingston data. Among them we select frequencies for which the noise of the LIGO-Hanford detector is relatively small. For example, this is the case for f = 100 Hz. The Virgo signal is always below the noise level and is not visible in the data. In Fig. 2 we plot the absolute value of the Fourier transform of the strain |F (f, t)| measured by the LIGOLivingston interferometer as a function of time at frequency f = 100 Hz. The GW signal is clearly visible at t 0 ≈ −2 s. As in Ref. the figure is normalized such that the LIGO-Livingston signal amplitude is equal to 1. In Fig. 3 we plot |F (f, t)| as a function of time obtained for the LIGO-Hanford interferometer at frequency f = 100 Hz. The scale of the vertical axis is the same as in Fig. 2 . The GW signal is expected to be at the position indicated by the dashed line; it is not obviously visible due to stronger noise.
In order to extract a reliable signal from the LIGOHanford data we use the following algorithm. The strain measured by the LIGO-Hanford detector consists of two contributions, noise n H and the GW signal s H
In the Introduction we showed that for the GWs produced by the inspiral of two stars the ratio of signals at two frequencies s(f, t)/s(f 0 , t) is the same for all detectors. Therefore, we may write
We introduce the following correlation average over frequency in a small vicinity of f
where f k is randomly chosen in the interval [f − ∆f, f + ∆f ], ∆f ≪ f and t 0 is the time for which the LIGOLivingston signal is much larger than noise. For this time one may invoke the approximation
Then, using Eq. (15), we obtain for t = t 0
Since the signal and the noise are not correlated, for large enough N the last term in the right hand side of Eq. (17) becomes small and we obtain the signal
This result holds even if the noise in different detectors is correlated at equal times. For t = t 0 the factors under the sum in Eq. (16) are not correlated and the noise is suppressed after averaging. Using this procedure one can find the LIGO-Hanford signal with the same signal to noise ratio as for the LIGOLivingston detector. That is, we can recover the GW signal from the noisy detector using the clean signal measured by the lower-noise detector.
We apply this correlation averaging algorithm to extract the LIGO-Hanford signal. We choose f = 100 Hz and ∆f = 0.6 Hz. For such ∆f and ∆t = 0.3 s the LIGO-Livingston signal remains strong inside the frequency band [f − ∆f, f + ∆f ]. We randomly select frequencies f k inside this band N = 100 times using a random number generator and calculate the correlation average (16) . For f = 100 Hz the LIGO-Livingston signal peaks at t 0 = −1.95 s, which is the time we choose in Eq. (16) . Figure 4 shows |F (f, t)| as a function of time for the LIGO-Hanford data after carrying out the correlation averaging. One can see that noise for t = t 0 is strongly suppressed. According to Eq. (18),F H (f, t 0 ) gives the LIGO-Hanford signal which we use to find the H/L ratio. Please note that the signal in the Fourier domain is a complex number. The present algorithm allows us to find both its absolute value and the phase.
The noise of the LIGO detectors determines the uncertainty with which the ratio H/L can be found. To estimate the uncertainty we vary the position of the time segment [t 0 , t 0 + ∆t] in the vicinity of the LIGOLivingston signal peak. For each t 0 we calculate F L (f, t 0 ) andF H (f, t 0 ) using the correlation averaging algorithm, and then calculate H/L =F H (f, t 0 )/F L (f, t 0 ). The results for the absolute value, and the real and imaginary parts of H/L are shown in Fig. 5 . Figure 5 We also performed calculations at other frequencies f for which the LIGO-Livingston signal is clearly visible and obtained similar results. For the Virgo detector the noise is very high, typically more than an order of magnitude larger than the signal which makes extraction of the Virgo signal a challenging task. Using Virgo data we calculated F (f, t) at various frequencies f and luckily found one which can be used for the signal estimate. We found that for f = 98 Hz the Virgo noise happened to be quite low in the vicinity of the time at which the signal is expected to arrive (see Fig 6) . As a result, for f = 98 Hz we can apply the same noise reduction algorithm for the Virgo data and estimate the V /L ratio with a reasonable accuracy. We found that We were unable to constrain separately the real and imaginary parts of V /L with good accuracy and will use only constraints (19) and (20) in the analysis of GW polarization.
III. TEST OF GRAVITATIONAL THEORIES
According to Eqs. (11) and (12), the ratios of the GW signals detected by the different interferometers depend on whether the GW is described by vector gravity or general relativity. For example, the ratio of LIGO-Hanford and LIGO-Livingston signals in the frequency representation is given by the complex number
for vector gravity and
for the tensor polarization of general relativity. In Eqs. (21) and (22), θ is the orbit inclination angle shown in Fig. 1 , while V 1,2 and T 1,2 are the interferometer response functions for the two vector and tensor polarizations given by Eqs. (6) and (9)-(10) respectively. They depend on the propagation direction of the GW, the polarization angle ψ (see Fig. 1 ) and the orientations of the interferometer arms. The right hand sides of Eqs. (21) and (22) contain only two unknown parameters, the inclination and polarization angles θ and ψ.
According to the results of the previous section, the experimental constraints on H/L and V /L are given by Eqs. (19) and (20) respectively. If there are angles θ and ψ for which Eq. (21) and the corresponding equation for V /L yield the measured ratios, then vector gravity agrees with the observations. Otherwise, the theory is ruled out. Eq. (22) and the corresponding equation for V /L can be used to test general relativity. As mentioned previously, only one of the two theories is expected to pass this test.
A. Test of vector gravity
We found that for vector gravity there is a range of inclination θ and polarization ψ angles compatible with the constraints (19) and (20) . This range is shown in Fig.  7 as the red filled area. Thus, vector gravity is compatible with the observations. The region of inclination θ and polarization ψ angles compatible with constraints (19) and (20) for the GW170817 event assuming vector GW (red filled area). The dashed area is the region of angles calculated in the vector theory of gravity which gives a distance to the source compatible with the astronomical observations. Allowed inclination angle spans the range 70
Next we show that vector gravity also gives the right distance to the source. Eq. (3) tells us that in vector gravity the intensity of GWs emitted at the inclination angle θ is proportional to
that is, the GW emission is maximum in the orbital plane (θ = π/2) and is equal to zero perpendicular to the plane. On the other hand, for general relativity we have [12] I GR ∝ 4 cos
The emission intensity peaks in the direction perpendicular to the orbital plane (θ = 0, π) and drops by a factor of eight for the in-plane emission.
NGC 4993 located at a distance 43.8
+2.9 −6.9 Mpc was identified as the host galaxy of GW170817 [2] . It has been shown that a general relativistic GW yields the right distance to the source at the 95.4% (2σ) credible level if | cos θ| > 0.75 [13] .
Using Eqs. (11) and (12) we calculated the region of θ and ψ angles for which the amplitude of the L signal in vector gravity is equal to that produced by a general relativistic GW coming from the same binary system with | cos θ| > 0.75. The constraints on θ and ψ obtained in vector gravity based on the known distance to the source are shown in Fig. 7 as the dashed area. The dashed and filled red regions have considerable overlap. Thus, vector gravity yields a distance to the source compatible with the astronomical observations.
B. Test of general relativity
We found that for a general relativistic tensor GW there are no combinations of inclination θ and polarization ψ angles compatible with constraints (19) and (20) (see Fig. 8 ). Therefore, if constraints (19) and (20) A skeptical reader might argue that constraints (19) and (20) are too restrictive or the algorithm of correlation averaging we used is not accurate. Anticipating such criticism we next show that general relativity is at odds with observations even if we estimate the |H/L| ratio directly from the Fourier transform of the gravitationalwave strain data without using the noise reduction algorithm. To do so, in Fig. 9 we re-plot the curves of Figs. 2 and 3 in the vicinity of the peak of the LIGO-Livingston signal. Fig. 9 shows that at least |H/L| < 0.9. We found that this estimate is consistent with similar plots for other frequencies at which the LIGO-Livingston signal is clearly visible and the LIGO-Hanford noise level is low. For example, Fig. 10 shows the absolute value of the Fourier transform of the strain |F (f, t)| measured by the LIGO-Hanford (red curve) and LIGO-Livingston (blue curve) interferometers as a function of time at frequency f = 96.8 Hz. The plots shown in Fig. 10 are consistent with the estimate |H/L| < 0.9. It turns out that general relativity can be ruled out even based on the single constraint |H/L| < 0.9. In Fig. 11 we plot the region of inclination θ and polarization ψ angles compatible with the GW170817 event assuming general relativistic GWs and |H/L| < 0.9 (red filled ovals). No constraint on V /L was imposed. The blue shaded rectangle regions indicate inclination angles which yield a distance to the source compatible with the astronomical observations at the 2σ level (| cos θ| > 0.75 [13] ). Since the blue and red regions do not overlap, we conclude that general relativistic GW can not simultaneously give the right distance to the source and be compatible with the measured ratio |H/L|.
IV. SUMMARY AND OUTLOOK
The simultaneous detection of GWs by the three interferometers of the LIGO-Virgo network, together with the known sky location of the source, can be used to distinguish between general relativity [3] and vector gravity [4] , and rule out one of the two theories. However, the possibility of coming to a decisive conclusion depends on how accurately we can find the ratios of the signals (H/L and V /L) measured by different interferometers.
Here we have analyzed the data from GW170817 event produced by a pair of inspiraling neutron stars and observed by the LIGO-Hanford, LIGO-Livingston and Virgo interferometers. The optical counterpart of GW170817 was found which yielded accurate localization of the source in close proximity to the galaxy NGC 4993 [2] .
To obtain the H/L and V /L ratios, we used the strain time series for the three detectors released by the LIGOVirgo collaboration [6] . For the GW170817 event the GW signal is clearly visible in the LIGO-Livingston data at certain frequencies. However, this is not the case for the LIGO-Hanford and Virgo detectors due to larger noise.
We extracted H and V signals out of the noisy data by applying the correlation averaging algorithm, and then calculated H/L and V /L ratios and their uncertainties. We found that signal ratios are consistent with the vector theory of gravity [4] . Also we found that vector gravity yields a distance to the source in agreement with the astronomical observations.
In contrast, we discovered that the signal ratios are inconsistent with general relativity. Moreover, we found that general relativity is at odds with observations even if we use a much less restrictive constraint based only on the |H/L| ratio obtained directly from the Fourier transform of the gravitational-wave strain data without using the noise reduction algorithm. Therefore, if our analysis is correct, Einstein's general theory of relativity is ruled out and future GW detections with three or more GW observatories should confirm this conclusion.
What are possible alternatives to general relativity? Historically in the literature, there have been many attempts at constructing different theories of gravity and most of them were ruled out [14, 15] . To the best of our knowledge, the only viable alternative theory, which also passes the present test, is the vector theory of gravity [4] . Despite fundamental differences in the nature of the two theories, vector gravity and general relativity are equivalent in the post-Newtonian limit. The two theories also give the same quadrupole formula for the rate of energy loss by orbiting binary stars due to emission of GWs.
In strong fields, vector gravity deviates substantially from general relativity and yields no black holes. In particular, since the theory predicts no event horizons, the end point of a gravitational collapse is not a point singularity but rather a stable star with a reduced mass. We note that black holes have never been observed directly and the usually-cited evidence of their existence is based on the assumption that general relativity provides the correct description of strong field gravitation.
In vector gravity, neutron stars can have substantially larger masses than in general relativity and previous GW detection events can be interpreted in the framework of vector gravity as produced by inspiral of two neutron stars rather than black holes [4] . Vector gravity predicts that the upper mass limit for a neutron star with a realistic equation of state is of the order of 35 M ⊙ (see Sec. 13 in [4] ). This value is consistent with masses of compact objects discovered in X-ray binaries [16] and those obtained from previous GW detections.
Vector gravity also predicts the existence of gaps in the neutron star mass distribution, although the position of the gaps depends on the uncertain equation of state. A 3 − 5M ⊙ gap has been found in the low-mass part of the measured compact object mass distribution in the Galaxy [17, 18] . Vector gravity predicts that neutron stars with mass above the 3 − 5M ⊙ gap are very different from the low-mass counterpart because they belong to a different branch of the star stability region and have several orders of magnitude higher baryonic number density in their interior.
Because properties of matter at such high density are unknown, the composition of massive neutron stars is uncertain and could be very different from the low-mass counterpart. A different composition might result in a weaker emission of electromagnetic waves upon merger of these objects. This could be a reason, in addition to a large distance to the source, why optical counterparts were not discovered for GW events involving massive objects. There are however some indications that these types of GW mergers were actually followed by electromagnetic emission [19, 20] .
For cosmology, vector gravity gives the same evolution of the Universe as general relativity with a cosmological constant and zero spatial curvature. However, vector gravity, as mentioned in the Introduction, provides an explanation of dark energy as the energy associated with longitudinal gravitational field induced by the expansion of the Universe and predicts, with no free parameters, the value of the cosmological constant which agrees with observations [4] .
Vector gravity, if confirmed, can also lead to a breakthrough in the problem of dark matter. Namely, the theory predicts that compact objects with masses greater than 10 5 M ⊙ found in galactic centers have a nonbaryonic origin and, thus, an as-yet-undiscovered dark matter particle is a likely ingredient of their composition. As a result, observations of such objects can allow us to predict the nature of dark matter. It is interesting to note that properties of supermassive compact objects at galactic centers can be explained quantitatively assuming they are made of dark matter axions and the axion mass is about 0.6 meV (see Sec. 15 in [4] and Ref. [21] ).
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